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Production of Metal Oxides 

The present invention relates to a process for the production of metal oxides, 

5 More particularly, the process relates to the production of iron, aluminium and 
titanium from aluminous minerals such as bauxite, alumina-rich clays and the solid 
waste generated from the Bayer's process called, the red mud. The process further 
involves roasting of the above mentioned materials with alkali, eg sodium or 
potassium carbonate or sodium or potassium hydroxide, mixed with the carbonates, in 
10 air and subsequent leaching by water and sulphuric acid. 

Aluminium is the most abundant metallic element in the earth's crust. It is normally 
found combined with other elements, and does not occur in the pure state. It appears 
in a wide variety of minerals combined with oxygen, silicon, the alkali and alkaline- 
15 earth metals and as hydroxides, sulphates and phosphates. The bauxite is a 
sedimentary rock that contains economically recoverable quantities of the aluminium 
oxide minerals Gibbsite, Bdhmite, and Diaspore. 

The average chemical composition of major constituents of bauxite (2) in weight 
20 percentage is given below: 

A1 2 0 3 * Si0 2 Fe 2 0 3 Ti0 2 Moisture 

(loss on ignition) 

50-52% 4-6% 16-18% 2-3% 21 to 28% 

■ 

25 

Most of the AI2O3 content is, in reality, present in the form of Gibbsite, y-Al(OH) 3 or 
Bdhmite, a-AlO(OH). The hydroxide ions, upon ignition, are converted to water 
resulting in alumina via the reaction 1 : 

30 2A1(0H) 3 = A1 2 0 3 + 3H 2 0 .(1). 

Similarly, in bauxite, iron is present as Goethite, a-FeO(OH) and hematite, <x-Fe 2 0 3 ; 
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titanium is present in bauxite as Anatase HO2; and Silicon dioxide may occur either 
as quartz, or as complex silicates. 

5 

Bayer's process is widely used for the production of pure AI2O3 from bauxite. In this 
process, bauxite is dissolved in an NaOH solution at 400 - 500K to produce Sodium 
aluminate which is (NaAlC^). The (NaAK>2) formed is soluble in water and filtered 
out. Aluminium hydroxide (Al(OH)3) is then precipitated from the solution and the. 
10 Al(OH) 3 is calcined at 1350 to 1400K to produce pure alumina (Al 2 0 3 ) m . The 
unreacted constituents of bauxite are the oxides of iron, titanium and a fraction of 
unreacted alumina. These oxides form the residue from the process and it is called the 
red mud. A complete recovery of alumina is economically not possible via the Bayer 
process. 

15 

The Bayer process begins with the preparations of bauxite by grinding to produce a 
uniform composition. In most alumina plant, the bauxite is ground while suspended in 
a portion of the Bayer process alkali solution. This slurry is then mixed with the 
remaining NaOH solution at 400K. The mixture, with hot NaOH solution is then 
20 treated in a digester vessel at well above atmospheric pressure. The main reaction in 
the digester is given by equation 2: 

Al(OH) 3 +Na OH - Na + + Al(OH) 4 * (2) 

■ 

25 The filtered solution containing sodium aluminate is cooled from 400 K down to 335 - 
345K temperature range. The concentration at this temperature is such that the 
solution is saturated with Al(OH)3, but is not supersaturated to cause spontaneous 
crystallisation. A seed of aluminium hydroxide is added at this point to precipitate 
Al(OH) 3 from the sodium aluminate mother liquor. The aluminium hydroxide 

30 precipitate is calcined in the temperature range of 1350 to 1400K for the production of 
pure AI2O3 via the decomposition of aluminium hydroxide, shown in reaction 1 . 
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However, one disadvantage of the Bayer process is that AI2O3 is not completely 
removed from the bauxite ore. A fraction of alumina always remains in the solid filter 
residue, this is known as "the red mud". Furthermore, the other major constituents of 
bauxite, e.g. iron and titanium, remain as complex oxides in the red mud. 

5 

The red mud is highly alkaline (pH=10-12) and creates a substantial environmental 
hazard. Its safe disposal and utilisation thus poses a major scientific challenge (3). 
The red mud also has a high AI2O3 content. The average chemical composition of the 
constituents of red mud is:- 

10 

AI2O3 (23 -30 wt%), Si0 2 (8 wt%), Fe20 3 (35-50 wt%), and Ti0 2 (15-18 wt%). 

A micrograph of red mud sample is shown in figure 1. It mainly consists of three 
phases as marked A, B, and C in the micrograph. Phase A is rich in aluminium, 
15 whereas phrase B and phase C are rich in iron and titanium respectively. Electron 
Diffraction X-Ray (EDX) analysis of the three phases can be seen in figures 2 to 4. 
An X-ray diffraction pattern of dry red mud is shown in figure 5. Therefore, from the 
X-ray diffraction and EDX analysis, it is apparent that alumina, silica, iron oxide, and 
titanium dioxide are present in complex mineralogical forms in red mud. 

20 

The most important environmental problem in the Bayer process is the safe disposal 
of red mud. The solution left with the residue after washing is still very alkaline and 
it cannot be allowed to contaminate the ground water. An aqueous slurry of the 
residue that had been washed with 1000 times its mass of distilled water still reaches a 

25 pH value of 10.5. The fine residue, even after years of consolidation, does not have 
enough strength to support buildings and equipment. These properties make disposal 
of red mud a difficult problem (3). In many places red mud is disposed at sea where 
the alkalinity was diluted by large quantities of water. This method of red mud 
disposal was employed in Europe and Japan in the past, whereas in the United States 

30 the red mud was disposed via the inland waterways. Today, however, due to increased 
environmental awareness and need to reduce the threat to marine and aquatic life, any 
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new alumina plant will have to meet environmental specifications for disposing of red 
mud. 



Therefore, in view of the increasing problem of waste disposal, it is desirable to 
5 recover the oxides of iron, titanium and the remaining fraction of aluminium from the 
red mud, thereby obviating the need for waste disposal. 

Accordingly, the object of the present invention is to provide a process, which enables 
the recovery of, particularly, unreacted AI2O3, and TiC>2 from bauxite and/or from the 
10 process residue, red mud. The process offered by the present invention advantageous 
because, inter alia, it provides an opportunity for the recovery of minerals from red 
mud, but also it has been found that the above oxides and hydroxides could be 
extracted more efficiently, not only from bauxite, but also from alumina-rich clays 
and/or red mud via the process of the invention. 

15 

Thus, the present invention provides an alternative and more environmentally 
acceptable process for the extraction of aluminium oxide and oxides of iron and 
titanium from, red mud, bauxite and/or alumina-rich clays. 

20 Thus, according to the invention we provide a process for the purification of metal 
oxides which comprises the steps of; 

(i) roasting a mineral ore in the presence of an alkali; 

(ii) extracting the desired metal salt produced in step (i); 
25 (iii) precipitation of a hydroxide salt; and 

(iv) converting the hydroxide salt into an appropriate oxide. 

More particularly, the process comprises the steps of; 

30 (i) roasting a mineral ore (bauxite/clay) and alumina-containing residues in the 
presence of an alkali and/or alkali mixture; 
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(ii) extracting the desired metal salt produced in step (i) using an aqueous and/or a 
dilute ammoniacal solution in aqueous media to separate water-soluble alkali 
aluminate from undigested metal oxide filter residue; 

5 (iii) precipitation of aluminium* hydroxide from alkali aluminate solution by 
bubbling CO2 gas or oxalic acid medium for maintaining a constant pH; 

(iv) calcining aluminium hydroxide formed in step (iii). 

10 The actual temperature used in step (i) of the process of the invention may vary, 
depending, inter alia, upon the nature of the mineral ore, the nature of the metal oxide 
to be isolated, etc. Preferentially, the temperature used in step (i) of the process of the 
invention is greater than 400K, preferably greater than 500K, more preferably 
between 600 and 1300K, especially between 700 to 1200K, e.g. at 1150K. We have 

15 surprisingly found that 1150K is the optimum temperature for the isolation of 
aluminium, although variations on this temperature, within the ranges identified 
herein, will also produce satisfactory results. 

The process of the invention is suitable for use in purification of mineral ores, e.g. 
20 bauxite. However, as already described, the process is also suitable for the 
purification of waste materials, such as red mud. Thus, it should be understood that 
the phrase "mineral ore" when used in the definition of the invention herein should be 
construed as including dumina-rich clays, waste materials from other processes and 
in particular red mud produced from the Bayer process. 

25 

The alkali used in step(i) of the process of the invention is preferentially a carbonate 
which may comprise any conventionally known carbonate or a mixture of carbonates. 
Especially preferred carbonates are the carbonates of the Group la and Group Ha 
metals, i.e. the alkali or alkaline earth metals. Such metal salts therefore include, for 
30 example, lithium, sodium, potassium, magnesium and/or calcium carbonates. 
Carbonates of the alkali metals are most preferred, for example sodium or potassium 
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carbonate. Most preferentially sodium carbonate is used Alternatively, a mixture of 
a hydroxide, eg sodium or potassium hydroxide, and a carbonate may be used. 

The extraction process of step (ii) may use a variety of solvents or mixtures of 
5 solvents. The solvent may be varied depending upon the nature of metal salt being 
isolated. However, preferentially, the solvent will be one which can readily be 
disposed of with minimal damage to the environment. Thus, the most preferred 
solvent is water, usually hot water above 25°C. A dilute solution of ammonium salts 
in water is recommended for enhancing the extraction of alkali aluminate. The 
10 treatment of calcined minerals with water or with dilute ammonical solution enhances 
the efficiency of alkali aluminate extraction from the roasted minerals. 

The precipitation of aluminium hydroxide, Al(OH)3 from alkali aluminate solution is 
initiated by passing CO2 or oxalic acid solution. The precipitated aluminium 
15 hydroxide is dried and calcined at 1400K for producing alumina powder as it is done 
in the Bayer process. 

In the acidification process of step (iii) any conventionally known acids may be used, 
including organic and inorganic acids. Alternatively mixtures of acids may be used. 
20 Inorganic acids are preferred and such acids may be selected from, but are not limited 
to, hydrofluoric acid, hydrochloric acid, nitric acid, sulphuric acid and an acidic oxide 
or mixtures thereof. When the metal ore being isolated is aluminium, then an acidic 
oxide is preferred. The most preferred acidic oxide is carbon dioxide. 

25 In step (iv) of the process of the invention, the conversion of the hydroxide salt to the 
oxide end product may comprise any conventionally known oxidation step, such steps 
may include thermal decomposition, calcining, etc. When the metal oxide is alumina, 
then the oxidation step preferentially comprises calcining. 

30 The material flow sheet is similar to the Bayer process, except the NaAlCh formation 
is carried out at an elevated temperature above 1050 K in the absence of water and in 
the presence of sodium carbonate. In the present process, bauxite ore or red mud is 
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homogeneously mixed with the stoichiometric amount of sodium carbonate required 
to convert alumina to sodium aluminate. The mixture is roasted above 1 050K in air. 
The reactions which take place above 1050K are: 

5 Al 2 0 3 +Na 2 C0 3 = 2NaA10 2 + C0 2 (3) 

Ti0 2 +Na 2 C0 3 = Na 2 Ti0 3 + C0 2 (4) 

The roasted mass contains water soluble sodium aluminate and other insoluble 
components of ore. The roast product is extracted with hot water so that all of the 

10 sodium aluminate phase dissolves in water. The filtrate consists of the water-soluble 
sodium aluminate, whereas the hydroxides of iron, titanium oxide and other impurities 
remain present in the solid residue, which is part of the unreacted bauxite. A 
micrograph of the solid residue calcined at 1400K is shown in figure 6. EDX analysis 
of the two phases as marked B and C is given in figures 7 and 8. The phase B is rich 

15 in iron, whereas the phase C is comparatively richer in titanium. The presence of 
aluminium oxide is not detected in the EDX analysis, as its concentration appears to 
be well below 5 wt%. Alumina is completely extracted from the red mud as sodium 
aluminate, which is converted to Al(OH)3 via the acidification with carbon dioxide 
gas. 

20 

2NaA10 2 + C0 2 - 2 Al(OH) 3 + Na 2 C0 3 (5) 

Al(OH) 3 precipitate is then filtered and calcined at 1350-1400K to produce pure 
A1 2 0 3 . The micrographs and X-ray powder diffraction of the alumina extracted from 

25 the red mud and bauxite are shown in figures 9a and 9b respectively. The phases 
identified in the powder diffraction pattern show the evidence for the dominant a and 
6 types of alumina. The grains are well defined and clean. In Figures 10a and 10b, the 
particle size distribution of dried and calcined aluminium hydroxide and alumina are 
shown respectively. The alumina particle size distribution shown in Figure 10b is 

30 bimodal, which can be altered by varying the time and temperature of calcination. 
The filtrate containing Na 2 C0 3 is evaporated to regenerate sodium carbonate. 
Production of soda is one of the main advantages of this new process. 
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The residue containing iron and titanium is mixed with 98% H2SO4 so as to make a 
slurry. The ratio of H2SO4 to residue is chosen such that the weight ratio of H2SO4 to 
Ti(>2 in the suspension produced by the hydrolysis is between 2-2.5. The slimy 
5 obtained by digestion is dissolved in cold water or in dilute aqueous sulphuric acid 
(H2SO4). Undissolved solid material containing silicates is removed completely by 
filtration. Titanium oxide hydrate is precipitated from the filtered solution by 
hydrolysis at 375 -390K. The hydrate is filtered off from the solution arid washed with 
water or dilute acids to remove dissolved sulphates of other metallic impurities 
10 adhered on to the precipitate surface. Finally the hydrate is calcined in the temperature 
range of 1050 to 1300K to produce pure titanium oxide, which can be used for 
manufacturing pigments. 

The solution containing iron salts are concentrated and then thermally decomposed to 
15 form iron oxide and sulphur dioxide. Alternatively, the filtrate can also be evaporated 
to obtain FeSC>4, which can be used for water purification. 

According to a further aspect of the invention we provide a metal oxide produced by a 
process as hereinbefore described. Thus, the metal oxide produced may be selected 
20 from an aluminium oxide, an iron oxide and a titanium oxide. Preferably, the metal 
oxide produced is selected from Al 2 03, Fe203 and Ti0 2 ; most preferably the metal 
oxide produced is A1 2 0 3 . 

The process of the present invention is advantageous, inter alia, because alumina 
25 present in bauxite and red mud was extracted with 98 % efficiency via the alkali- 
roasting process by forming sodium or potassium aluminate above 400K- 
Furthermore, Ti0 2 was recovered from the residue obtained after extracting 
aluminium by dissolving the residue in concentrated sulphuric acid and by 
subsequent hydrolysis and calcination. In addition, Fe 2 C>3 was recovered by 
30 precipitating Fe(OH)3 from the filtrate by the addition of an alkali or thermal 
decomposition of the filtrate. 



8 



WO 02/10068 PCT/GB01/03370 

The filtrate residue derived from potassium carbonate/potash roasting of alumina 
containing minerals yield residues rich in K* ions. Potassium ion containing residue 
can advantageously be used as a soil conditioner and for making fertiliser by mixing 
with phosphate residue, phospho-gypsum, and/or Basic Oxygen Furnace slag from 
5 steel making plant. 

The new process of the invention has been developed for extracting alumina, iron 
oxide (FeiOi) and/or titanium oxide (TiOa) from bauxite and red mud The process 
involves roasting of bauxite and/ or red mud with sodium carbonate (Na 2 C03) in air. 

10 The roasted mass is digested in water and filtered. The filtrate contains sodium 
aluminate. Al(OH)3 is precipitated by passing carbon dioxide (CO2) through the 
filtrate. Pure alumina is produced by calcining the Al(OH)3 precipitate. Residue is 
digested in concentrated sulphuric acid (H2SO4) and diluted with water. Titanium 
oxide hydrate is precipitated via the hydrolysis of the acid solution at 375-390K. Iron 

1 5 oxide is recovered from the filtrate by evaporation and thermal decomposition. The 
CO2 generated from the decomposition of sodium carbonate can be recycled during 
the precipitation of Al(OH)3 from the NaA10 2 solution to reform Na2C03. The 
recovery of other oxides, Ti0 2 and Fe2C>3 will yield a zero waste process for the 
manufacture of alumina. 

20 

The invention is illustrated by the following examples. 

In which Figure 1 is a micrograph of red mud; 

Figure 2 is an EDX analysis of an alumina-rich phase; 
25 Figure 3 is an EDX analysis of an iron rich phase; 

Figure 4 is an EDX analysis of a titanium rich phase; 

Figure 5 is an X-ray diffraction pattern of dry red mud; 

Figure 6 is a micrograph of red mud after alumina extraction; 

Figure 7 is an EDX analysis of the iron rich phase after extracting aluminia 
30 from red mud; 

Figure 8 is an EDX analysis of the titanium rich phase after extracting alumina 
from red mud; 
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Figure 9a is a micrograph of alumina extracted from red mud; 

Figure 9b is an X-ray diffraction pattern of alumina extracted from red mud; 

Figure 10a is a particle size distribution of Al(OH)3 after drying; 

Figure 10b is a particle size distribution of alumina after calcining at 1400K; 

5 and 

Figure 1 1 is a schematic representation of a process of the invention. 



EXAMPLE I: Bauxite ore from Ghana 



10 The extraction efficiency is defined by y in percentage, which is dependent on the 
concentration of aluminium in the ore and in the residue. 



ML 



15 The following inventive steps involved in achieving nearly 100% extraction of 
alumina. 



L Bauxite ore from Ghana (approximate composition: 55% of AI2O3 , 12 % of 
Fe2C>3, 2% of TiCh, 2 % of SiC>2, and moisture) was homogeneously mixed with 
20 sodium carbonate in the ratio 1 : 0.60 . 



2. The mixture was heated at 1 1 50°C for 2 hours in an electrically heated furnace in 
air. 



25 3. The reaction product was digested in hot water and filtered. 

4. The filtrate was acidified with carbon dioxide to convert water-soluble sodium 
aluminate to Al(OH) 3 precipitate. 

30 5. Al(OH)3 was filtered out and calcined to produce pure AI2O3. The extraction 
efficiency of alumina was nearly 98%. 

10 
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6. The filtrate was evaporated and sodium carbonate was recovered. 

7. The residue containing iron oxide (FG2O3) and titanium dioxide (TiOi) was mixed 
5 with 98% H2SO4 for making a slurry. The ratio of H2SO4 to residue was chosen in 

such a way that the weight ratio of H2SO4 to Ti02 in the suspension produced by 
the hydrolysis was maintained between 2 to 2.5. 

8. The slurry obtained by digestion was dissolved in water. 

10 

9. Undissolved solid material containing silicates was removed completely by 
filtration. 

10. Titanium oxide hydrate was precipitated from the filtered solution by hydrolysis in 
15 the temperature range 375 to 390K. 

1 1 . The titanium oxide hydrate was filtered off from the solution and calcined in the 
temperature range of 1050 to 1300K to produce pure titanium oxide. 

20 12. The filtrate was treated with NaOH to precipitate Fe as Fe(OH) 3 . The precipitate 
was filtered out and calcined to produce Fe20 3 . 

EXAMPLE n ( Red Mud) 

25 Red mud from ALCAN (approximate composition: 46 % Fe2C>3, 22 % of AI2O3, 8% 
of Ti02, 8 % of Si0 2 , 3-4 MgO and CaO and loss on ignition was 10-12 wt%) was 
homogeneously mixed with sodium carbonate in the ratio 1 : 0.25. The experiments 
were carried out as described in the above examples by steps 2 to 12. The extraction 
efficiency for alumina was over 98 %. 

30 

The extraction efficiency of alumina from bauxite and red mud does not change when 
soda is replaced by potassium carbonate or potash. The red mud obtained in this case 

n 
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contains alkali in the form of potassium ions and does not have harmful effect of soda 
in red mud, which cannot be used as a fertiliser or soil conditioner. Below all the 
claims are referred in terms of alkali roasting of red mud and bauxite for the 
extraction of alumina, titania, and iron oxides as by-product 

5 

References: 

[1], Handbook of Extractive metallurgy, Ed. Fathi Habashi, Volume 2, Wiley- 
VCH, Weinheim (1997), pp 

[2]. H. Ginsberg, K. Wefers: Aluminium and magnesium, Volume 15, Die 
10 metalishen Rohstoffe, Enke Verlag, Stuttgart 1971, pp. 

[3]. R.S. Thakur and S.N. Das, Red Mud-Analysis and utilisation. Wiley Eastern 
Limited, New Delhi and PID (CSIR) , New Delhi (1994), pp. 

15 
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Claims 



1 . A process for the purification of metal oxides which comprises the steps of; 



5 (i) roasting a mineral ore in the presence of an alkali; 

(ii) extracting the desired metal salt produced in step (i); 

(iii) precipitation of a hydroxide salt; and 

(iv) converting the hydroxide salt into an appropriate oxide. 



10 2. A process according to Claim 1 characterised in that the roasting process of 
step (i) is carried out at an elevated temperature of greater than 400K. 

3. A process according to Claim 2 characterised in that the roasting process of 
step (i) is carried out at a temperature of greater than 500K. 

15 

4. A process according to Claim 3 characterised in that the roasting process of 
step (i) is carried out at a temperature of between 600 and 1300K. 

5. A process according to Claim 4 characterised in that the roasting process of 
20 step (i) is carried out at a temperature of between 700 to 1200K. 

6. A process according to Claim 5 characterised in that the roasting process of 
step (i) is carried out at a temperature of 1 150K. 

25 7. A process according to Claim 1 characterised in that the mineral ore is bauxite. 

8. A process according to Claim 1 characterised in that the mineral ore is red 
mud. 



30 9. A process according to Claim 7 characterised in that the mineral ore is a 
mixture of bauxite and red mud. 
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10. A process according to Claim 1 characterised in that the carbonate is a 
carbonate of a Group la and Group Ha metals or a mixture thereof. 

11. A process according to Claim 1 characterised in that the carbonate is an alkali 
5 metal carbonate or a mixture of alkali metal carbonates. 

12. A process according to Claim 1 1 characterised in that the carbonate is selected 
from sodium carbonate and potassium carbonate. 

10 13. A process according to Claim 12 characterised in that the carbonate is sodium 
carbonate. 

14. A process according to Claim 12 characterised in that the carbonate is a 
mixture of sodium carbonate and potassium carbonate. 

15 

15. A process according to Claim 1 characterised in that the solvent used in the 
extraction process of step (ii) is water. 

15. A process according to Claim 1 characterised in that the acid used in the 
20 acidification process of step (iii) is an inorganic acid. 

16. A process according to Claim 15 characterised in that the inorganic acid is 
selected from hydrofluoric acid, hydrochloric acid, nitric acid, sulphuric acid and an 
acidic oxide or a mixture thereof. 

25 

17. A process according to Claim 16 characterised in that the acid is an acidic 
oxide. 

18. A process according to Claim 17 characterised in that the acidic oxide is 
30 carbon dioxide. 
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19. A process according to Claim 1 characterised in that the process of step (iv) 
comprises calcining. 

20. A process according to Claim 1 characterised in that the oxide produced is 
5 A1 2 0 3 . 

21. A process according to Claim 1 characterised in that the oxide produced is 
Fe 2 0 3 . 

10 22. A process according to Claim 1 characterised in that the oxide produced is 
Ti0 2 . 

23. A metal oxide produced by a process according to Claim 1 . 

* 

15 24. A metal oxide according to Claim 23 characterised in that the metal is selected 
from aluminium, iron and titanium. 

25. A metal oxide according to Claim 24 characterised in that the metal oxide is 
selected from AI2O3, Fe^ and Ti0 2 . 

20 

26. A metal oxide according to Claim 25 characterised in that the metal oxide is 
AI2O3. 

27. A metal oxide according to Claim 26 characterised in that the metal oxide is 
25 Fe20 3 . 

28. A metal oxide according to Claim 27 characterised in that the metal oxide is 
Ti0 2 . 

30 29. A process or a metal oxide substantially as described with reference to the 
accompanying examples. 

P36654W0.3 



15 



WO 02/10068 



PCT/GB01/03370 



1/7 



.1 





.r.i> 0 



Rednud ALCAH OODOi 



1 D Qyrt 



Fig. 1 

Micrograph of ALCAN red mud 
A : Alumina rich phase B : Iron rich phase C : Titanium rich phase 
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Fig. 2 

EDX analysis of alumina rich phase (A) in red mud 
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Fig. 3 

EDX analysis of iron-rich phase (B) in red mud 
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Fig. 4 

EDX analysis of titanium-rich phase (C) in red mud 
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Fig. 6 

Micrograph of residue after extraction of alumina from red mud. 
B : Iron rich phase C : Titanium .rich phase 
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Fig. 7 

EDX analysis of iron-rich phase (B) in the residue after extracting 

alumina from red mud 
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Fig. 8 



EDX analysis of titanium-rich phase (C) in the residue after extracting 

alumina from red mud 
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Fig. 9(a) 

Micrograph of Alumina extracted from red mud 
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Fig. 9(b) 

X-Ray Diffraction pattern of Alumina extracted from red mud 
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Fig. 10(a) 

Particulate size distribution 
of Al (OH) 3 after drying 



Leeds Dried ATH sample 2 
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Fig. 10(b) 

Particle size distribution 
of alumina after calcining 
at 1400K 
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